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INTRODUCTION

In this issue we report preliminary results of a large
multisite study intending to assess the burden of hepa-
titis, particularly hepatitis B virus (HBV) among chil-
dren, as well as the impact of the hepatitis B vaccina-
tion program commenced several years ago (1-8).
Here, we summarize key findings of this study, and
discuss these results in the context of national and
global issues of hepatitis B disease and control.

Hepatitis B and C infections are common in Ethiopia,
with chronic disease prevalence of approximately 6-
8%, and 2-4%, respectively (9). Complications of
chronic hepatitis include cirrhosis with or without
hepatic failure and hepatocellular carcinoma. Based
on global studies, the 5-year rates of progression from
chronic hepatitis B infection to cirrhosis is about 15%,
from cirrhosis to hepatic failure about 20%, and from
cirrhosis to hepatocellular carcinoma about 10% (10).

These complications have had limited treatment op-
tions in resource limited countries. Depending on the
level of liver damage, treatment is now available for
both Hepatitis B and C, but requires long term, if not
lifelong therapy for chronic hepatitis B, and shorter
term but extremely expensive therapy for hepatitis C
(11,12). While efforts to develop a vaccine for hepati-
tis C are under intensive investigation, no candidates
are currently available (13). In contrast, a highly effi-
cacious vaccine for hepatitis B has been available for
many years, and most countries worldwide have im-
plemented programs to roll out universal vaccination
for newborns. WHO has adopted a plan to reduce new
HBYV cases by 90% and mortality by 65% by 2030
(14). Since great emphasis is being placed on infant
Hepatitis B vaccination as the principal control inter-
vention for hepatitis in developing countries, it is es-
sential that vaccination programs evaluate the effec-
tiveness of their programs.

Most vaccination programs in Western and Asian
countries have observed vaccine efficacies of 95%
or greater, and a concordant drop in chronic hepa-
titis B prevalence over the past 20 years (15-17).
Studies in sub-Saharan Africa have primarily as-
sessed serological efficacy, that is the generation
and maintenance of anti-vaccine (HBsAg) antibod-
ies as a surrogate for clinical protection (15,18-22),
but few studies have been done to assess clinical
efficacy of the vaccine to prevent chronic disease,
as defined by HBsAg positivity (18,21,22).

In Ethiopia, there is limited data on hepatitis infec-
tion and disease among children. A notable study
was a comprehensive study in Addis Ababa per-
formed in 1994 (23), which evaluated hepatitis B
infection and disease in a large number of subjects
across multiple age groups. Importantly, this study
showed that chronic disease (positivity for HBsAg)
was already present in 2-4% of children below 5
years of age, and that chronic disease increased to
a level of 10% gradually over the next 40 years,
though as many as 50% of the population could be
shown to have a history of infection by serology as
defined by the presence of anti-HBc and/or anti-
HBsAg and/or HBsAg (23).

Given the importance of infant HBV vaccination
in the strategy to control infection, and in light of
the previous studies in Ethiopia, we decided to
undertake a comprehensive evaluation of both the
burden of hepatitis B among children and their
mothers, and the efficacy of the HBV vaccine in
Ethiopia. The study involved 4 sites (Addis Ababa,
Gondar, Jimma and Harrar) and has been coordi-
nated by the Armauer Hansen Research Institute.
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Key Findings
Our results to date can be summarized as follows:

1. Among nearly 1500 vaccinated children from 4
sites, we observed that the overall percentage of chil-
dren with protective levels of anti-HBsAg was about
60%, with a range from 32.1 to 95.4%. In 3 of the 4
sites, there was a statistically significant association
with age, such that lower percentages were apparent in
older children, i.e. in those with the longest duration
since initial vaccination.

2. Among all vaccinated and unvaccinated children
from 4 sites (n = 2040), the overall HBsAg positivity
ranged from 0.5% to 4.3%. Among two sites with
adequate numbers to directly compare vaccinated and
unvaccinated with a clinical endpoint, the efficacy of
vaccination was 65-72%. This indicated that the vac-
cine was having a significant effect in reducing dis-
ease incidence, but that also many children were get-
ting disease despite vaccination. A third site revealed
minimal disease prevalence in either vaccinated or
unvaccinated subjects. The pooled data of the three
sites with data on both vaccinated and unvaccinated
children revealed an efficacy of 65%, significantly
lower than the expected 95% level (p < 0.01, chi
square). A fourth site has not to date enrolled unvacci-
nated control children, but the disease burden among
those with vaccination was very high (4.2%). More-
over, the prevalence of HBsAg+ mothers at this site
was not significantly different from any other site,
implying that the population prevalence was not sub-
stantially higher than elsewhere in the country. Hence,
it is likely that vaccine efficacy for children at this 4™
site will ultimately prove to be significantly lower
than other sites.

3. Particularly notable among site-to-site variability
in child serology was the significantly lower preva-
lence of HBsAg positivity observed at the third site,
Addis Ababa, compared with the other sites.

4. In parallel to this, participating mothers (n = 1789)
of the children were evaluated for HBsAg, anti-HBc
positivity and anti-Hepatitis C Virus (HCV) positivity.
Percentages of HBsAg positivity varied from 3.7 to
5.9%, anti-HBc positivity from 30.5-36.6%, and anti-
HCYV positivity from 1.1-2.5%. These values are con-
sistent with a large number of previous studies in
Ethiopia (9). The constancy of the mothers’ serologi-
cal results from site to site and with previous studies
represents an important internal control in the project,
because it contrasts dramatically with the greater vari-
ability seen from site to site in the pediatric cohorts.
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This gives us confidence that there were likely no
major technical errors during the pediatric evalua-
tion. In addition, all sites observed that older
women, while having high frequency of individu-
als positive for anti-HBc (indicating HBV infec-
tion history), appeared to have lower frequencies
of HBsAg positivity or chronic disease. This find-
ing may have significant relevance to the predic-
tion of rates of long-term complications in the
country (see below).

It must be stressed that we still consider these re-
sults preliminary. The study is on-going, more
samples will be collected, additional quality con-
trols will be run, and there have been methodologi-
cal limitations as described by the authors (1-8).
That said, there are several points to be discussed
from the data thus far obtained.

Impact of reduced seroprevalence of anti-HBsAg
First, the overall fraction of individuals with
“protective” levels of antibodies (60%) at first
glance may appear to be relatively low. However,
comparable percentages have in fact been found in
other African studies with subjects in about this
same age range after vaccination, and also in re-
ports from Western and Asian cohorts (15-22).
While the levels of anti-HBs early after vaccina-
tion are very good predictors of efficiency of the
vaccine in protecting against disease (24,25), wan-
ing antibody levels many years after vaccination
are more difficult to interpret (20). Two lines of
evidence suggest that clinical efficacy may persist
even with undetectable levels of anti-HBsAg and
have been used as arguments against need for fur-
ther vaccine boosters (15,20). First, populations
with undetectable antibody 10-15 years after vacci-
nation still exhibit very low levels of disease con-
sistent with existing clinical protection (15,17-19).
However, this argument assumes that exposure
risks are identical 10-15 years after vaccination
compared with early after vaccination, an assump-
tion which may not be valid if national hepatitis
prevalence falls after vaccine uptake. Secondly,
booster shots in such seronegative individuals
yield strong rapid antibody responses consistent
with pre-existing persistent HBV-specific memory
rather than a de-novo primary response which typi-
cally exhibits weak responses initially (15). The
presence of memory implies that protective im-
mune responses (including high levels of antibod-
ies) would be rapidly induced upon infectious
HBYV exposure and would be capable of clearing or
attenuating the infection. However, while most
studies have shown good memory responses
among vaccinated seronegative individuals, some
have shown evidence of waning memory after
longer time periods (17).



Furthermore, these assays do not test all relevant com-
ponents of the immune response. There is strong evi-
dence in chimpanzee models (26)—arguably the best
animal model of disease—and circumstantial evidence
in humans (27), that protective immunity requires a
cell-mediated CD8 T cell response. Memory CDS§
responses may wane independently of memory for
antibody responses and would not have been tested in
the aforementioned boosting assays. To our knowl-
edge, no studies have evaluated the impact of a
booster vaccine in remotely vaccinated subjects in a
prospective study with disease as the primary outcome
in a setting where infection risk remains high. Such a
study may be worth considering in the Ethiopian con-
text.

Apparent reduced efficacy of vaccine

Secondly, and more concerning, was the finding that
the apparent clinical efficacy of the vaccine, that is the
efficacy in reducing the prevalence of HBsAg positiv-
ity, 65% or less in this study, is clearly suboptimal. It
seems unlikely that any country using vaccination as a
strategy to reduce disease will attain the WHO goal of
90% reduction of new cases by 2030 with such subop-
timal efficacy (28). Moreover, according to mathe-
matical models (29), a change from 95% to 65% in
vaccine efficacy would reduce future preventable
mortality not by 80% (as predicted with vaccine effi-
cacy of 95%) but rather about 50% (29). Assuming
the aforementioned time-dependent risks of hepatic
failure and hepatocellular carcinoma, complications
which are nearly invariably fatal, this loss of vaccine
efficacy in a country like Ethiopia of 100 million peo-
ple would result in an additional 5,000 deaths per
year. Confirmation of this finding as well as research
to define the impact of this disease from an economic,
social and health care perspective are warranted. From
an etiological perspective, suboptimal efficacy could
be related to any one or a combination of the follow-
ing factors: suboptimal vaccine upon import into
Ethiopia, suboptimal storage and/or transport of the
vaccine, suboptimal vaccination procedures or ad-
ministration, or suboptimal host responses to the vac-
cine. Discriminating between these possibilities in the
Ethiopian context will require further research, but it
is relevant at present to further discuss in detail one of
these, suboptimal vaccination procedures.

To gain insight into the impact of the vaccine in the
Africa context, a recent review summarized data on
HBsAg prevalence from multiple studies focused on
specific regions or health care centers within African
countries (30). Because these studies were not na-
tional surveys, they are not necessarily representative
of any given country as a whole; in addition, few of
the studies compared similarly aged vaccinated and
unvaccinated children at the same time as we have
done here.
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Nonetheless the summarized data does suggest sub-
stantial reductions in HBsAg positivity among chil-
dren in the continent as a whole. However there
have been many studies in locations exhibiting child
seroprevalences > 2.0% after vaccination, similar to
what we are describing here in Ethiopia, implying
suboptimal vaccine impact. Discussions of these
results in recent reviews to identify means of im-
provement have primarily focused on the common
practice of immunizing neonates, not at birth—a
practice which has been shown to have the highest
efficacy—but several weeks after birth (30,31). Im-
munization at birth is relevant for those infants who
are already infected by HBV infected mothers, i.e.
by vertical transmission. A large number of clinical
trials have evaluated multiple HBV vaccination
protocols. Fewer have evaluated efficacy when ad-
ministered at later time points, but those trials sug-
gest an efficacy of 50-75% among those with prior
vertically transmitted disease, rather than 95% when
given at birth (32). Ethiopia is one of several coun-
tries which immunizes at 6, 10, and 14 weeks after
birth. For a country with traditionally little antenatal
care, particularly in rural settings, this regiment is
arguably not unreasonable.

Could the reduced efficacy of delayed vaccination
explain the results we have obtained in our current
study to date? Probably not is the short answer, but
it is instructive going into this in more detail. Most
of the available data in Africa relevant to vertical
transmission were prospective studies done in the
pre-vaccination era (33-35), including one done in
Ethiopia by the late Professor Edemariam Tsega
who, it must be remarked, pioneered the knowledge
base on hepatitis in this country (36). The typical
study design involved evaluation of newborns of
HBsAg+ and HBsAg- mothers prospectively over
several years. Vertical transmission cases were in-
variably identified within the first year of life (and
only among hepatitis positive mothers, and typically
among those expressing the serologic marker
HBeAg which is associated with high viral load).
However, in subsequent years, higher numbers of
infants became HBsAg+, indicating that horizontal
transmission is the predominant mechanism among
young children in Africa (33-36). Interestingly,
though vertical transmission is typically stated as
the predominant mode of transmission in Asian
countries such as China, in fact this generalization is
misleading and not supported by the early literature
in the pre-vaccine era. Rates of vertical transmission
in China are indeed high; without intervention, the
majority of children from chronically infected
mothers become infected.



However, horizontal transmission has accounted for
the majority (50-80%) of cases among children
(37,38). Similarly, early studies in Alaska, where
chronic hepatitis among children was highly prevalent
in the pre-vaccine era, pointed to horizontal transmis-
sion as the principal mechanism. Thus, horizontal
transmission may well be the prominent mechanism
globally, not just in Africa.

More recent studies have implied greater contribution
of vertical transmission, but these studies are often
over-represented by those focusing on HIV infected
women (39) and would not be surprising that rates of
vertical transmission are indeed higher in this group,
owing to reduced maternal immune function and
higher hepatitis B viral load. Most pregnant HBsAg+
women in Africa, however, are HIV negative, so stud-
ies of HIV+ women are not representative of most
women. Furthermore, an arguably simpler strategy for
HIV+ pregnant women would be appropriate screen-
ing for HBsAg and switching positive mothers to an
ART regiment including tenofovir which has dual
activity against HIV and HBV (12), thus providing
better treatment and prevention for both mother and
child, respectively. In addition to studies on HIV+
women, many recent studies have also argued for high
maternal to child transmission rates based on assays of
HBsAg levels in cord blood or the blood of infants in
the first months of life (30). However, it has been
clearly demonstrated that HBsAg from maternal
sources readily crosses the placenta and only slowly
disappears during the first few months among infants
who subsequently show no evidence of disease either
by HBsAg or sensitive HBV DNA testing (40,41),
indicating that estimates of vertical transmission by
such HBsAg testing among newborns are unreliable.

Collectively, these points reinforce that horizontal, not
vertical transmission is likely the main mechanism
explaining high prevalence of childhood chronic hepa-
titis. To argue otherwise would require proposal of a
quite novel mechanism, and one which would be diffi-
cult to test in humans at least. Perinatally infected
babies would somehow have to be able to initially
confine HBV infection to liver or other sites, perhaps
due to a very low inoculum, such that infection was
uncommonly apparent in blood, but only much later
emerged, presumably after years of slow net HBV
replication. This is theoretically plausible but implies
an element of immune control likely beyond that
known in neonates who generally have immature im-
mune systems, and at this point seems unlikely.

Despite the preponderance of evidence for primarily
horizontal transmission, it is clear, however, that verti-
cal transmission does exist.
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Assuming delayed birth vaccination would pro-
ceed indefinitely and with the best possible efficacy
(ie with 50-75% protection against vertical and
95% against horizontal transmission), then eventu-
ally future residual cases would likely result from
suboptimally protected neonates from vertical
transmission. Owing to the demonstrably greater
efficacy of birth vaccination, it stands to reason
that wherever feasible within national resources,
this should be the preferred mode of immunization
at the global level to obtain the maximum reduc-
tion of infection and disease.

However, are all delayed birth vaccinations cur-
rently exhibiting the best possible efficacy? How
does this relate to our study findings of reduced
vaccine efficacy in Ethiopia? Assuming predicted
efficacy among vertically transmitted HBsAg+
newborns with delayed vaccination in previous
trials (50-75%), it seems unlikely that the reduced
vaccine efficacy we have seen to date in Ethiopia
(65% or less) is solely due to post-birth vaccine
delay, because that would require nearly all cases
to have been vertically acquired, which itself is
unlikely. It seems something else is going on. This
argument may or may not apply to other African
countries.

To obtain more evidence relevant to this issue, we
are performing molecular sequencing studies on
strains from paired HBsAg+ mother and child
samples. Paired strains which are molecularly
identical most likely would have been transmitted
from mother to child. Molecularly disparate paired
strains imply horizontal transmission from a non-
maternal source. Interestingly, one recent study
used a similar molecular approach evaluating
strains circulating within and between families and
found no evidence of vertical transmission in
young children in a remote village in Gabon (42).
It remains to be seen what this approach will re-
veal in Ethiopia, but if evidence for significant
maternal transmission is found, this approach may
further be used to determine whether vaccine effi-
cacy is reduced among such children compared
with children infected by non-maternal sources.

If insufficient evidence is obtainable to implicate
primarily the post-birth vaccine schedule as the
main factor contributing to suboptimal vaccine
efficacy in Ethiopia (which appears to be the case
so far), this implies the involvement of other fac-
tors, such as reduced vaccine quality upon import,
improper vaccine transport and storage, inadequate
vaccine administration (beyond post-birth regiment
issues), and/or suboptimal host immune responses
to the vaccine. Research into these other possibili-
ties should be considered.



To obtain more evidence relevant to this issue, we are
performing molecular sequencing studies on strains
from paired HBsAg+ mother and child samples.
Paired strains which are molecularly identical most
likely would have been transmitted from mother to
child. Molecularly disparate paired strains imply hori-
zontal transmission from a non-maternal source. Inter-
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Gabon (42). It remains to be seen what this approach
will reveal in Ethiopia, but if evidence for significant
maternal transmission is found, this approach may
further be used to determine whether vaccine efficacy
is reduced among such children compared with chil-
dren infected by non-maternal sources.

If insufficient evidence is obtainable to implicate pri-
marily the post-birth vaccine schedule as the main
factor contributing to suboptimal vaccine efficacy in
Ethiopia (which appears to be the case so far), this
implies the involvement of other factors, such as re-
duced vaccine quality upon import, improper vaccine
transport and storage, inadequate vaccine administra-
tion (beyond post-birth regiment issues), and/or
suboptimal host immune responses to the vaccine.
Research into these other possibilities should be con-
sidered.

Regional differences in HBsAg+ prevalence among
children

Thirdly, a remarkable finding in our current study was
that there were no detectable HBsAg positive children
from Addis Ababa among non-vaccinated children,
although recruitment numbers were lower than in
other sites. Notably, we observed the same finding in
a pilot study in Addis Ababa at the ALERT hospital
done 2 years previously (Yonas Bekele, unpublished
observations), giving us confidence that this finding
may well be true. The pooled data from these two
recent studies in Addis Ababa differs significantly
from the combined data from the other sites (p < 0.01,
chi square). Moreover, the low level of pediatric
chronic HBV disease in Addis Ababa we observed in
recent years contrasts markedly with the percentages
observed in 1995 in Addis Ababa (~4%), a value
closer to the percentages seen in among unvaccinated
children in multiple peripheral sites in Ethiopia in the
current study. Although definitive conclusions based
on different sites and different years is not possible, at
face value this suggests that as yet unidentified factors
associated with Addis Ababa, but not other regions in
the country, have changed over the past twenty years,
and these factors contribute to significantly lower
rates of hepatitis independently of the vaccine, an ex-
traordinary possibility.
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Of relevance to the heterogeneity of HBsAg+
prevalence in different cities in Ethiopia are several
studies regarding hepatitis cases from within or fol-
lowing emigration from China, where as stated pre-
viously, horizontal transmission has played a promi-
nent role. Differences between different cities, and
between urban and rural locations (37) have been
apparent. For example, in the pre-vaccine era,
prevalence of chronic disease among children was
dramatically lower in Beijing than in the southern
province of Guangdong, with virtually all the differ-
ences accountable to children older than 1 year of
age (37), i.e. those who would have been horizon-
tally infected. Most of the factors that impacted
horizontal transmission were related to close imme-
diate family contact with known HBsAg+ carriers.
However, in interventional studies use of sterilized
syringes dramatically reduced prevalence among
children (36), suggesting the involvement of multi-
ple factors. Apart from these studies, a unique study
in the pre-vaccine era was reported many years ago
of Chinese immigrants to South Africa (43). Nearly
all were from the Guangdong province, and most
settled in all-white neighborhoods in South Africa
with high standards of living and access to high
levels of education and health care, and in which
HBsAg prevalence was previously negligible. A
cross-sectional analysis of multiple age groups indi-
cated that the immigrants born in China had a very
high prevalence of HBsAg positivity, similar to that
of Guangdong province, but their children, born in
South Africa had dramatically lower prevalence,
and much lower than similarly aged individuals in
Guangdon province at the time. Collectively, these
studies underscore the impact that regional differ-
ences within countries can have on HBsAg preva-
lence, particularly due to horizontal transmission. It
may be of great public health importance to further
confirm the finding of regional differences in Ethio-
pia, and if true, begin to probe the factors associated
with such differences. Identifying and controlling
such factors would greatly enhance the ability of the
country to meet WHO goals of 90% reduction of
new hepatitis B cases by 2030.

Low HBsAg expression among older hepatitis in-
fected women

Fourthly, the finding that a significantly lower per-
centage of older mothers than younger mothers
were HBsAg positive, even though they had at least
as high an infection prevalence (as defined by anti-
HBc positivity) as younger mothers, is also of po-
tential importance. Most individuals who become
HBsAg positive remain HBsAg positive, though
many will shift from HBeAg positive to negative in
association with a large reduction in viral load as
the immune system gains control over the chronic
infection (36).



Among HBsAg+ individuals, a small percentage, ~1-
2%l/year, “resolve” the infection and become negative
for HBsAg, maintaining anti-HBc levels (45-47). The
percentages of HBsAg positive individuals among
older anti-HBc positive women in Ethiopia were much
lower than that expected based on the aforementioned
studies. It is possible that, compared with other set-
tings, in Ethiopia a much higher percentage of
HBsAg+ individuals resolve the infection/year. This
would account for the reduced HBsAg+ percentage in
older women, assuming they had the infection longer
than younger women. Importantly, studies suggest
those with chronic HBV who resolve the infection
have lower risks of long-term disease complications
(48).

This possibility in Ethiopia would ideally be defined
in longitudinal studies, but there is a paucity of data in
Ethiopia or Africa on the natural evolution of hepatitis
disease. Virtually all studies have been done in West-
ern and SE Asian contexts.

Studies in non-African settings have shown that dis-
ease complications are significantly impacted by the
strain of hepatitis virus (49-50). Moreover, it is well
established that strain distribution differs substantially
at the global level (though all strains share the “a”
antigen determinant present in the vaccine) (51). The
most striking findings have been observed in China
comparing strains B and C (49). Strain C is associated
with higher viral load and HBeAg expression, higher
vertical transmission as well as higher risks for long
term complications such as cirrhosis and hepatocellu-
lar carcinoma. Studies on clinical associations with
strains circulating in Africa, such as A and D—those
most likely circulating in Ethiopia (52)—have not
been done in Africa but rather in the US where strains
A, B, C, and D all circulate (50). These results were
less straightforward than the China studies but mostly
suggest that strains A and D are more similar to strain
B than to the more virulent strain C common in China
and SE Asia (47).

These findings are consistent with lower frequencies
of HBeAg expression in HBsAg carriers observed in
Africa in general (39) and Ethiopia in particular (9), as
well as lower rates of vertical transmission, compared
with China and SE Asia. The aforementioned hy-
pothesis that in Ethiopia resolution and clearance of
HBsAg proceeds more efficiently than in other set-
tings would also be consistent with reduced risk for
long term complications such as cirrhosis and hepato-
cellular carcinoma among HBsAg+ individuals. This
view, however, should by no means trivialize the
overall burden of cirrhosis and hepatocellular carci-
noma in Ethiopia which is none-the-less very large
presumably because of the high prevalence of
HBsAg+ individuals (9).
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Rather, it underscores the need to better define the
disease evolution and complications, particularly
utilizing molecular and longitudinal approaches in
combination with protocols defining optimal treat-
ment initiation and maintenance. This in turn can
assist in prioritizing allocation of national resources.

In summary, we are well into a large multi-site
study in Ethiopia to define the hepatitis B burden,
particularly among children in the country, and the
effectiveness of the HBV vaccination program initi-
ated several years ago. While recruitment and data
analysis is not yet finalized, several key findings
appear to have emerged thus far: 1) HBV vaccina-
tion has apparently reduced childhood disease, but
vaccine efficacy appears to be significantly below
targets assumed in global models of hepatitis B vi-
rus control, and this reduced efficacy cannot be ex-
plained by the delayed birth vaccination protocol in
use; 2) Marked regional differences in both disease
and vaccine efficacy are apparent; in particular, for
unknown reasons, the prevalence of childhood
chronic hepatitis in unvaccinated children in Addis
Ababa is apparently substantially lower than that
defined in Addis Ababa 20 years ago, as well as
significantly lower than that in other regions in the
country. Future confirmation of these findings and
research into their underlying mechanisms, longitu-
dinal studies into the natural evolution of disease in
Ethiopia, and impact of booster vaccines in disease
protection should be considered.
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